The importance of total body fluid and electrolytes and their distribution in the body cell mass has been increasingly emphasized in the care of acutely and chronically ill patients. In order to determine distribution of water and electrolytes, a convenient and accurate technique for the estimation of the extracellular fluid space is essential. Moore (1) has demonstrated that the chemical dissection of the patient (to determine total body composition) is feasible by the dilution of radioactive and stable isotope tracers used in conjunction with a means for measuring the extracellular fluid. While techniques such as deuterium dilution, tritium dilution, and antipyrine dilution for the in vivo measurement of total body water can be checked for absolute accuracy against desiccation and specific gravity measurements (2) , no such criterion for the accuracy of extracellular fluid measurements is available. Evaluation of extracellular fluid techniques must depend upon their reproducibility and compatibility with microanatomical studies and estimations of the volume of distribution of normal extracellular constituents.
In addition to interstitial and plasma water, the extracellular compartment must be considered to include the cerebrospinal fluid, water in the gastrointestinal tract, in glandular lumina, and bone matrix water. No technique is at present available which has been proven to measure the absolute volume of the entire compartment. Indeed at certain points the exact boundaries of the "com- partment" defy anatomical definition. In the absence of an absolute standard for extracellular fluid measurement, reasonable criteria for assessing a particular method would be that it must (a) include a significant fraction of the compartment, (b) vary in proportion to changes in the extracellular space, (c) be insensitive to changes in cell permeability, and (d) be reproducible and technically convenient.
Previous studies by Newman, Gilman, and others (3) (4) (5) employing sodium thiosulfate have demonstrated (a) that its equilibrium volume of distribution is in the range of the extracellular fluid volume, (b) that its rate of disappearance after equilibrium of distribution is proportional to its concentration, (c) that it diffuses rapidly, and (d) that it is metabolized slowly and at an exponential rate (4) . These properties suggested that the thiosulfate ion would prove to be a suitable and convenient measure of the extracellular fluid by a technique not requiring either urine collections or a long period of constant infusion such as is necessary with inulin.
The present study was undertaken to examine the volume of distribution of sodium thiosulfate observed after a brief single injection and the collection of several serial blood samples over a short interval of time.
METHODS
Seven adult mongrel dogs ranging from 8.5-14.4 kgm.
in weight were used in the preliminary experiments. Normal healthy male adult humans, ages 18-30, were studied for the arterio-venous difference, reproducibility and erythrocyte penetration studies, and hospital patients as specifically described in the next section were studied in febrile and edema states.
Twenty-five to 30 ml. of sterile 10% commercial hydrated sodium thiosulfate (Na2S20 5H20)' were injected into the dogs in one to two minutes. For human studies, 12 Studies in vivo were made by drawing blood 70 minutes after injection of thiosulfate, determining the hematocrit corrected for 3%o trapped plasma, and splitting the sample, one-half of which was used for calculating plasma concentration. The other half was used for determining whole blood concentration, after hemolysis induced by alternate freezing and thawing. Table I summarizes the data obtained. Since at equilibrium of distribution, with complete penetration, the concentration of thiosulfate in both plasma water and red cell water will equal the concentration in whole blood water, the ratio of thiosulfate concentration in erythrocyte water to thiosulfate concentration in whole blood water was used as the index of penetration. In these experiments the ratios so obtained were 0.92, 0.42, and 0.62.
Linearity of total clearance
Preliminary studies were made on dogs employing an injection time of one to two minutes with 
S. Effect of infusion time
Infusion times in six reproducibility experiments are shown in Table IV . In general, infusions were set to run 10-12 minutes. Short infusions were avoided to minimize the increased renal loss with very high plasma concentration prior to equilibrium and because of the possibility of nausea and vomiting. The largest variation in infusion time was between 7.4 minutes on the first measurement and 12.6 minutes on the second measurement of one individual.
Arterio-venous difference
Samples in all of the preliminary studies on dogs were drawn through an indwelling needle (Cournand) in the femoral artery. In transferring attention to man it was of obvious advantage to use venous rather than arterial blood. Two studies on dogs showed a marked lag in the fall of venous as compared with arterial concentration. Typical simultaneous arterio-venous curves in man are shown in Figure 3, The largest discrepancy in volume distribution was 0.9 liter or 1.4%o of the body weight. At any one time the venous concentration of thiosulfate is higher than the arterial after distribution equilibrium has taken place ( Figure 3 ). In addition, although not marked in every case, the venous concentration fell more slowly than the arterial. This discrepancy in rate of fall of thiosulfate concentration is less evident in the experiment given in Figure 3 than in some of the others studied. 9. Edema As a first step in evaluating the relative accuracy of thiosulfate dilution as a measure of the extracellular fluid volume, patients with obvious edema were studied. uremia toxic even in very large doses, the only untoward effects observed being nausea and vomiting. These appeared when high concentrations were injected rapidly and were considered due to hypertonicity. It was also observed that the ion appeared in the urine at a rate which suggested that its excretion was a function of glomerular filtration. Thereafter it was extensively studied as a renal clearance test and found to have a clearance ratio to inulin and creatinine of 1.0 (both in normals and in renal and cardiac disease states [3] [4] [5] ). Gilman, Philips, and Koelle (4) suggested and Brun (5) unequivocally asserted that the thiosulfate ion was confined to the extracellular space and not absorbed by the renal tubules. The former (4) calculated volumes of distribution using the amount recovered in the urine while Schwartz, using a constant infusion technique, estimated the space in dogs and man (6) . Contrasted with inulin which has a large molecular weight of 5,100 and a slow diffusion coefficient of 0.20/cm.2/day, thiosulfate has a molecular weight of only 135 and diffuses rapidly with a diffusion coefficient of 0.68/cm.2/day (7). In this respect it lies between inulin and the halides and light metals whose atomic weights are under 100 and which diffuse very rapidly at a rate of approximately 1.4/cm.2/day (7, 8) .
Binding to plasma proteins similar to that which occurs with the thiocyanate ion has been investigated by Kowalski and Rutstein (9) . Their in vitro studies indicate that no protein binding of thiosulfate takes place.
From the data presented in Table I it is apparent that significant penetration of thiosulfate into erythrocyte water occurs after 70 minutes. If penetration does not occur instantaneously, the extrapolation method used will correct for loss into erythrocyte water.
It is well known that thiosulfate crosses some cell membranes since it cannot be recovered com-pletely from the urine. In a large series of dogs, Gilman, Philips and Koelle (4) were able to rerover 70-809%o in the urine by the time the plasma concentration had fallen below 1.0 mgm.%o. In dogs with ligated ureters he observed that the slope of disappearance was linear at 0.05% to 0.109o% per minute and represented about 7%o of the renal clearance. In this laboratory, 65%o of the dose administered to a normal healthy adult male human was recovered by the time the plasma concentration was 1.0 mgm.% and only negligible amounts thereafter. This suggests that recovery in man may be slightly less than in the dog where extremely rapid elimination through the kidneys compared with the volume of distribution reduces the time during which significant metabolism may occur. Gilman and his associates (4) (4) in the same animals using the Newman formula (10) . One is therefore forced to conclude that destruction of thiosulfate is uniform throughout the post-injection period. The discrepancy that remains unexplained is that between the rate of degradation of thiosulfate based on the slow fall in plasma thiosulfate concentration in the anuric dog and the rate of degradation based on the expanding volume of distribution during the post-equilibrium period with intact renal function.
II. The mathematical model
The volume of distribution of a hypothetical substance which could be completely and equally mixed throughout this volume instantly, could be expressed by:
A =P (1) V = the volume of distribution, A = the total substance introduced, P = the concentration after mixing.
The volume of distribution of any substance which is very rapidly and freely diffusible throughout its volume and which disappears by any route at a rate proportional to its concentration may be determined by plotting its concentration semilogarithmically against time and extrapolating to its theoretical equilibrium concentration at zero time for substitution in equation (1) .
V= A P at tot (2) That is, the volume of distribution is equal to the amount of material dissipated into the space divided by the concentration which would have occurred had it been instantly distributed throughout the volume at zero-time. The mathematical justification and experimental basis for equation (2) is implicit in the derivations of Newman, Bordley, and Winternitz (10) which relates the volume of distribution of a non-metabolized substance to the renal clearance and the time decrement of the natural logarithm of the plasma concentration and in the Schwartz (6) modification which takes into account clearance by all routes.
The primary error involved in applying equation (2) is the renal loss incurred at concentrations greater than that accounted for by extrapolation during the period of equilibration (Figure 1) . For a rapidly diffusible substance equilibrium time is short enough to make this error insignificant. Employment of such a substance eliminates the necessity for constant infusion or urine collections. It permits the use of a substance lost by extrarenal routes (including metabolism) provided that cell penetration is slow as compared with the rate of distribution in the interstitial fluid. The studies reported in this paper indicate that sodium thiosulfate approaches the requirements for the use of this expression.
Examination of Figure 1 reveals that equilibrium occurs in 10-12 minutes in that the concentration falls logarithmically from this time on and that the curve may be analyzed into "fast" and "slow" rates, the former probably representing transfer across the capillaries while the latter represents total clearance by all routes. The curve may be described by the general formula (11 ): C' = Cle-)1t + C2e-3t (3) where C. is the concentration at any time t in serum. Since AX is much faster than X2, the requirement of rapid distribution as compared to its total clearance is met. Further evidence indicating rapid equilibration as compared to total clearance is the close agreement for thiosulfate volumes of dilution given by simultaneous arterial-venous sampling. If there were a sizeable gradient across the capillary, one would expect significant arterial-venous differences.
Study was focussed on the equilibrium disappearance rate. The linearity of total clearance as observed by other investigators (3, 4, 6 ) was confirmed.
The single injection technique described in this paper eliminates the elaborate constant infusion equipment, the long equilibration period, and the addition of a large volume of fluid added to the extracellular compartment. Like the Schwartz technique (6), it does not require urine collections or bladder washouts and obviates the possible errors due to changing urine blank and renal delay time.
Its sole theoretical disadvantage is the possible error due to loss (by all routes) while the concentration of thiosulfate in the plasma is in excess of the extrapolated equilibrium value.
Validity of the single injection technique is dependent on three requirements: (1) The extracellular space must remain constant throughout the Subject was a healthy male student, age 18. No history of renal or other disease. 102 ml. 10% NaS208 5HQ were administered by infusion over 11.3 minutes. Samples were drawn from the antecubital veins and serum thiosulfate plotted logarithmically against time.
experiment. The small amount of fluid added by the technique described and the short time required for the measurement tend to insure this. (2) There must be uniform and rapid distribution of the substance throughout the space. This appears to occur in about 10 minutes for the thiosulfate ion. (3) The substance must be removed from its volume of distribution by all routes at an exponential rate. This has been shown to occur.
The slopes of decrement (in two studies on one subject) in which total clearance rate appears to have been variable are shown in Figure 4 . Obviously this curve does not permit extrapolation to a zero-time value and it is anticipated that when such individuals are encountered clinically they will be at once recognized by the characteristics of the curve and no attempt made to estimate the volume of dilution by this method.
III. Evaluation of data and comparison with other techniques
Comparison of simultaneous arterial and venous rates of disappearance shows a consistent lag in the rate of fall of venous values, even though the difference in volume of distribution at zero-time obtained by extrapolation is insignificant, as described above. Brun, Hilden, and Raaschou working with diodrast in dogs (12) point out that the A-V difference is due to the presence in the right ventricle of cleared blood from the renal veins. The much greater difference in dogs is explained by the fact that the ratio of the renal clearance to the volume of (Table IV) . The volumes are close to those determined with inulin by Gaudino and other investigators (13, 14) of 21-23% for the dog and 13.5-17.5% for man.
Turning to the other extracellular dilution indices, chloride, bromide, and sodium are excreted slowly but are known to enter cells to varying degrees and to be concentrated in certain cellular areas (14) (15) (16) (17) (18) . The sulfate ion is endogenously produced at varying and unpredictable rates and is therefore unsatisfactory (19, 20) .
Thiocyanate has been extensively studied as a measure of the extracellular compartment (21, 22) . It diffuses rapidly and is slowly excreted permitting long equilibration (22) . Its volume of distribution (22-27% of body weight) is similar to that for bromide and sodium which are known to have considerable intracellular fractions and is considerably larger than the inulin space where the large molecule is presumed to be limited to extracellular areas. Protein binding of thiocyanate has been demonstrated by Scheinberg and Kowalski (23) . It is known to penetrate the red cell and to be concentrated in saliva and other gastrointestinal secretions (24) .
Overman (25) has shown that in febrile states the permeability of the cell membrane to thiocyanate is altered and that its volume of distribution approaches the total body water. Three studies (reported herein), with thiosulfate in febrile patients, resulted in volumes of distribution in the normal range; hence it is probable that no gross changes in cell permeability to thiosulfate occur as a result of fever.
As part of the preliminary evaluation of this technique, five patients with obvious edema were studied. The finding of an increased volume of dilution in all of these patients supports the concepts that by this method an accurate estimate of the extracellular fluid volume can be made.
The final evaluation of this method will depend on the results obtained after wide application by many workers. Further studies on the rates of penetration of thiosulfate into fluid compartments and repeat studies in patients with known losses and/or gains of extracellular fluid are essential. (4) where: V = volume of distribution for thiosulfate CPO = concentration in mgm./ml. of thiosulfate in serum at zero-time. This is obtained by plotting on semi-log coordinates the concentrations of thiosulfate in the serum samples against the mid-point of the time at which they were drawn and extrapolating to zero-time.
